Data obtained during the last decade by our group and others indicate that mitochondria play an important role in exocrine pancreas diseases (2) (3) (4) 6, 8, 9, 11, 15, 16) . Mitochondrial damage occurs in various animal and ex-vivo models of pancreatitis. Manifestations of mitochondrial dysfunction in pancreatitis are loss of mitochondrial membrane potential (∆ m), release into the cytosol of the apoptosis mediator cytochrome c, decrease in cellular ATP leading ultimately to acinar cell death through apoptosis and necrosis (3, 6, (8) (9) (10) . Our recent data (Mareninova et al., 2011, submitted) show that preventing mitochondrial dysfunction improves many parameters of experimental pancreatitis and ameliorates the disease severity. On the other hand, promoting mitochondrial dysfunction in pancreatic cancer diminishes the resistance of cancer cells to apoptosis, and thus represents a potential therapeutic approach (11) . Thus, studies with isolated mitochondria can be a useful tool in understanding the underlying mechanisms of mitochondrial dysfunction in pancreatitis and pancreatic cancer. Several methods are available for the isolation of mitochondria from animal tissue and all of them are based on tissue disruption in an appropriate medium and subsequent differential centrifugation of homogenate (1, 14, 18) . This chapter presents detailed protocol developed by our group for isolation of pancreatic mitochondria and assessment of their functional parameters. 
Isolation of pancreatic mitochondria

2. Methods
1.
Harvest rat or mouse pancreata, place immediately in ice-cold PBS, trim of fat and connective tissue, and wash with ice-cold isolation buffer to remove blood contamination. All operations should be done on ice, using ice-cold buffers and instruments. Isolated mitochondria should be kept on ice at all times. Mitochondria maintain their functional activity for 4-5 h.
2. Place pancreas in 5 ml of isolation buffer, mince tissue into small pieces with scissors and homogenize using 5 to 6 up-and-down strokes at 600 rpm. The tissue/buffer ratio should be 1:40 (vol/vol). C. This will remove broken mitochondria and reduce ER membranes.
5. Add 0.2 -0.3 ml of mitochondria storage buffer to the pellet, re-suspend mitochondria by passing through a 200-l pipet tip, transfer suspension into eppendorf tube 6 . Determine the protein concentration using the Bradford protein assay (Bio-Rad Laboratories Inc., CA) with bovine serum as a standard.
Measurement of the respiration control ratio (RCR) of mitochondria
2.1. Materials 1. Buffer for mitochondrial function measurements (assay buffer): 250 mM sucrose, 22 mM KCl, 22 mM triethanolamine (pH 7.4), 3 mM MgCl 2 , 5 mM KH 2 PO 4 . The major constituents in the assay buffer are an osmoticum, pH buffer and phosphate. Triethanolamine maintains pH and also neutralizes fatty acids, and solubilises oils and other ingredients that are not completely soluble in water.
2. Stock solutions: 1 M potassium succinate, 50 mM ADP, 1 mM CCCP.
3. 10-and 50-l Hamilton syringes (Sigma).
4. Standard Oxygraph system (Hansatech Instruments, Norfolk, England) equipped with a Clark-type electrode disc, with stirring.
Methods
1. Add an aliquot of mitochondria suspension (final protein concentration 1 mg/ml) to the oxygraph system chamber containing assay buffer (1ml) supplemented with 10 mM potassium succinate.
2. Monitor oxygen consumption rate for 2 min, then add 150 μM ADP.
3. Add 1 µM CCCP to stimulate oxygen consumption.
4. Calculate the respiration control ratio (RCR) as described below and in the figure 1. When mitochondria are incubated in the presence of substrate, addition of ADP causes a sudden burst of oxygen uptake as the ADP is converted into ATP. The actively respiring state is referred to as "state 3" respiration, while the slower rate after all the ADP has been phosphorylated to form ATP is referred to as "state 4". State 4 respiration is usually faster than the original rate before the first addition of ADP because some ATP is broken down by ATPase activities contaminating the preparation, and the resulting ADP is then rephosphorylated by the intact mitochondria. The ratio [state 3 rate] : [state 4 rate] is called the respiratory control ratio (RCR) and indicates the tightness of the coupling between respiration and phosphorylation. Addition of CCCP allows to determine the rate of uncoupled respiration that represents the maximal activity of the mitochondrial respiratory chain.
The measurement of RCR for pancreatic mitochondria is illustrated in the figure 1. RCR value 3.6 indicates that mitochondria are functional with tight coupling between respiration and phosphorylation. RCR < than 3.0 indicates that mitochondria are damaged, uncoupled and should not be used for the experiments. 2. Thermostated 1.5 ml glass or plastic chamber.
3. Thermostat. 4 . Magnetic stirrer, stir-bars.
TPP + -sensitive electrode (for example, from
Microelectrodes Inc., Bedford NH) or custommade according to (5) . (Note 3) 6. Commercially available reference electrode connected to an amplifier and chart recorder (World Precision Instruments Inc., Sarasota, Fl).
7. Dual-wavelength recording spectrofluorometer (for example, Shimadzu RF-1501) with 543 nm excitation and 578 nm emission with thermostated cuvette holder and stirring. 1. Add assay buffer supplemented with 10 mM potassium succinate to the thermostated 1 ml glass or plastic chamber.
2. Add 1 µM TPP + .
3. Add an aliquot of mitochondrial suspension (final protein concentration 1 mg/ml).
4. Start recording changes in m.
5. To cancel m add 1µM CCCP in the end of each experiment. 1. Add assay buffer supplemented with 10 mM potassium succinate to the thermostated 1 ml glass or plastic chamber.
2. Add an aliquot of mitochondrial suspension (final protein concentration 1 mg/ml). 
Notes
Note 1: Important ingredients in the isolation medium are major osmoticum (i.e., sucrose), buffer to keep the pH above 7.2 but below 8.0, and BSA. Sucrose was shown to preserve the chemical and morphological integrity of the mitochondria better than high potassium or sodium (12) . BSA protects the mitochondria against injurious action of fatty acids during their isolation. Pancreatic mitochondria are very sensitive to Ca 2+ -induced damage; therefore the presence of Ca 2+ -chelator (EGTA) is necessary during pancreatic mitochondria isolation.
Note 2: Assessment of the purity of isolated pancreatic mitochondria with electron microscopy and immunoblot analysis indicate that in addition to mitochondria the preparation contains some ER and very few zymogen granules. Further purification of mitochondria preparations could be achieved with Percoll gradient centrifugation (7; 13), although it decreases the yield by 30-50%. In particular, Percoll purification procedure removes most of the ER (measured by the immunoblot of ER markers). Importantly, we found that functional parameters of pancreatic mitochondria, in particular, respiratory control, membrane potential and effects of Ca 2+ were the same in crude and purified mitochondria preparations. Of note, mitochondrial assay buffer does not include ATP, and therefore ER is not functional. We additionally confirmed that mitochondrial characteristics are the same in the presence and absence of thapsigargin, an inhibitor of ER Ca 2+ -ATPase. 
